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Available online 29 April 2016DNAmethylation plays an important role in gene regulation during growth, development and different stresses.
We have studied the effect of transgene induced DNA methylation pattern in SbDREB2A overexpressed tobacco
transgenic lines. DREB (Dehydration-responsive element binding) transcription factor (TF) plays a vital role in
providing stress tolerance in ABA-independent manner by regulating downstream genes in plants. An increase
in percent methylation was observed in the transgenic lines as compared to wild type (WT) and plants
transformed with vector alone (VA). Among the three transgenic lines, S-201 showed maximum methylation
and methylation polymorphism, whereas, the demethylation pattern was observed almost similar for all the
transgenic lines. This indicates that DREB genemight be involved duringmethylation events in transgenic plants
by regulating certain regions of the plant genome that plays important role during stress conditions.
© 2016 Elsevier B.V. All rights reserved.Keywords:
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MSAP1. Introduction
Gene expression plays important role during development process,
differentiation, and abiotic stress tolerance. Regulation of gene expression
involves differentmechanisms, including genetic and epigenetic changes.
The former refers to the changes in the genetic code (change in the DNA
sequence), however, the latter is a heritable/non heritable change with-
out altering DNA sequence. The gene expression and chromatin structure
is greatly regulated by DNA methylation in both plants and mammals.
DNAmethylation is an epigenetic modiﬁcation in which the methylation
of cytosine base occurs during developmental and environmental re-
sponses of plants. In plants, methylation mainly occurs at symmetric CG
dinucleotide site, CNG site and also at asymmetric CNN site (where
N=A, T, or C; Henderson and Jacobsen, 2007), of which CG dinucleotide
context ismost common(Cokus et al., 2008;Dai et al., 2005). Thedifferentmorphism; DREB, Dehydration
e elements; HSF, Heat shock
thylation polymorphic; MSAP,
anscription factor; VA, Vector
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itya College of Degree and PG,plant genotypes are having difference in their DNA methylation pattern.
The different strains of same species also have variation in their DNA
methylationpattern and suchDNAmethylationpolymorphismcanbede-
tected by MSAP (Methylation Sensitive Ampliﬁed Polymorphism, Takata
et al., 2005; Yoshida et al., 2004). MSAP is a modiﬁed AFLP (Ampliﬁed
Fragment Length Polymorphism) technique, which is used to detect
DNA methylation polymorphism by using HpaII andMspI isoschizomers
having differential sensitivity to cytosine methylation state (Xiong et al.,
1999; Xu et al., 2000).
For increasing the agricultural productivity, various tissue culture
techniques and transgenic engineering are now being routinely used to
develop superior varieties. But during this process of varietal
improvement, the host plant undergoes epigenetic modiﬁcations. The
transgenic lines, of a particular gene, exhibit considerable variation
among themselves, which could be due to many reasons like copy
number, silencing, and differences in the transgene integration site and
locus conﬁguration ormay be due to uncontrolled variation in the exper-
imental protocols (Filipecki and Malepszy, 2006). The transgenic events
can also cause the epigeneticmodiﬁcation in plants that could result in al-
teration of gene expression pattern across the plant. The transgene itself
can also induce epigenetic variation by mediating gene regulation. As a
defence mechanism, plant methylates the foreign DNA entering in the
plant and this leads to inactivation of transgene introduced into the trans-
genic plants (Morel et al., 2000; Ingelbrecht et al., 1994). In our earlier
study, we had cloned and characterized a DREB TF from Salicornia
brachiata and showed that this gene is upregulated in different abiotic
Table 1
Details of the MSAP primers used for methylation polymorphism analysis of
N. tabacum transgenic lines.
MSAP primer Sequence of the primer (5′-3′)
MSAP-1 P1: GACTGCGTACCAATTCAAC
P2: ATCATGAGTCCTGCTCGGTCAC
MSAP-2 P1: GACTGCGTACCAATTCACA
P2: ATCATGAGTCCTGCTCGGTCAC
MSAP-9 P1: GACTGCGTACCAATTCAGC
P2: ATCATGAGTCCTGCTCGGTCAA
MSAP-10 P1: GACTGCGTACCAATTCACT
P2: ATCATGAGTCCTGCTCGGTCAA
MSAP-11 P1: GACTGCGTACCAATTCAAG
P2: ATCATGAGTCCTGCTCGGTCAG
MSAP-13 P1: GACTGCGTACCAATTCAAG
P2: ATCATGAGTCCTGCTCGGTCTA
MSAP-14 P1: GACTGCGTACCAATTCAAG
P2: ATCATGAGTCCTGCTCGGTCTC
MSAP-16 P1: GACTGCGTACCAATTCAAG
P2: ATCATGAGTCCTGCTCGGTCTT
MSAP-17 P1: GACTGCGTACCAATTCACG
P2: ATCATGAGTCCTGCTCGGTCAG
MSAP-18 P1: GACTGCGTACCAATTCACG
P2: ATCATGAGTCCTGCTCGGTCAT
MSAP-19 P1: GACTGCGTACCAATTCACG
P2: ATCATGAGTCCTGCTCGGTCTA
MSAP-20 P1: GACTGCGTACCAATTCACG
P2: ATCATGAGTCCTGCTCGGTCTC
MSAP-21 P1: GACTGCGTACCAATTCACG
P2: ATCATGAGTCCTGCTCGGTCTG
MSAP-22 P1: GACTGCGTACCAATTCACG
P2: ATCATGAGTCCTGCTCGGTCTT
MSAP-27 P1: GACTGCGTACCAATTCAGG
P2: ATCATGAGTCCTGCTCGGTCTG
78 P. More et al. / Plant Gene 6 (2016) 77–81stress conditions (Gupta et al., 2010). The tobacco transgenic lines with
SbDREB2A showed abiotic stress tolerance by mediating various physio-
logical and biochemical parameters (Gupta et al., 2014). The present
study reports the MSAP study in 35SCaMV::SbDREB2A tobacco transgenic
lines. This is the ﬁrst report on the MSAP analysis of different transgenic
lines with varied stress response. To see the effect of transgene on DNA
methylation, three sets of plants were studied for comparison in MSAP:
a) wild type (WT) tobacco plants, b) plants transformed with vector
alone (VA) and c) SbDREB2A tobacco transgenic plants.
2. Materials and methods
2.1. Plant material
Transgenic tobacco lines viz. S-4, S-15 and S-201 were selected for
studying theMSAP on the basis of their performance for abiotic stress tol-
erance (Gupta et al., 2014).WT tobacco plants was taken to eliminate the
natural methylation pattern, and the tobacco plants transformed with
pCAMBIA 1301 vector (VA) was taken to eliminate the methylation
changes that might occur due to transformation events. The seeds from
T0 tobacco transgenic plants,WTandVAwere germinatedonMSmedium
(Murashige and Skoog, 1962). The 30-day-old T1 seedlings were trans-
ferred to 1/2 MS hydroponic medium (1/2 major and minor) in growth
chamber with dark/light (300–350 μmol m−2 s−1 spectral ﬂux photons
of photosynthetically active radiations) cycle of 16/8 h at 25 °C. After
15 days the green and healthy leaves were used for DNA extraction.
2.2. Genomic DNA extraction
Genomic DNA was extracted using hexadecyltrimethylammonium
bromide (CTAB) protocol (Doyle and Doyle, 1990)with slightmodiﬁca-
tions. Total genomic DNA was quantiﬁed and aliquots were diluted to
the ﬁnal concentration of 150 ng μl−1.
2.3. MSAP analysis
MSAP was performed according to Xu et al. (2000). The genomic
DNA (300 ng) of each sample was digested with EcoRI/MspI and EcoRI/
HpaII restriction enzymes and ligated to EcoRI andMspI or HpaII speciﬁc
adapters, to avoid reconstruction of restriction sites, at 20 °C for 90min.
The ligated DNA was diluted to 1:10 and pre-ampliﬁed using EcoRI and
MspI or HpaII primers with one selective nucleotide at the 3′ end. The
PCR conditions were as follows: 94 °C–1 min, 65 °C–1 min, and 72 °C–
1 min for 35 cycles and ﬁnal extension at 72 °C–7 min for 1 cycle. The
pre-ampliﬁed product was diluted to 1:10 with Tris-EDTA (TE) buffer
and selectively ampliﬁed with different combinations of EcoRI and
MspI or HpaII MSAP primers (Table 1) each with three selective nucleo-
tides at the 5′ and 3′, respectively. For selective ampliﬁcation the PCR
conditionwere as follows: 94 °C–1min, 65 °C–1min (in each successive
cycle the temperaturewas reducedby0.7 °C), and72 °C–1min for 11cy-
cles and 94 °C–1 min, 56 °C–1 min and 72 °C–1 min for 23 cycles and
ﬁnal extension at 72 °C–7 min for 1 cycle. To the PCR products, equal
volume of formamide dye was added and subjected to electrophoretic
separation on 6.0% denaturing polyacrylamide gel (PAGE) in 1X TBE
(90 mM Tris-borate, 2 mM EDTA, pH 8.0) buffer in a sequencing gel
system (CBS Scientiﬁc, USA). The gels were stained with silver nitrate
(Bassam et al., 1991) and further scanned for data recording.
2.4. Proﬁling scoring and data analysis
The ﬁngerprints showing reproducible results between replicas
were scored forMSAP data analysis. The scoredMSAPbandswere trans-
formed into a binary character matrix, using “0” and “1” to indicate the
absence and presence, respectively, of particular loci. Loci those showed
changes in only one pair of isoschizomers were taken into account for
detection of methylation polymorphism, confounding the effect due tomethylation changes at ‘CCGG’ sites. A ‘CCGG’ site for a particular acces-
sion was classiﬁed as “methylated”, if a band was present in either the
MspI or HpaII lane and “not methylated”, if bands were present in
both lanes. While in pair wise analysis between WT and transgenic
lines, bands were classiﬁed as “demethylated”, if bands are absent in
WT plants and present in transgenic lines (because the demethylation
event has exposed the DNA to digestion by MspI and HpaII resulted in
presence of band). A site was considered “methylation polymorphic”
(MP) if there was at least one line in which the site was methylated
and at least one line for which the site was not methylated. The MspI
and HpaII are both sensitive to methylation at the outer cytosine of
the CCGG recognition sequence; therefore, absence of bands in both
theMspI and HpaII lanes could be due to either genetic polymorphism
or hypermethylation (Peng et al., 2013; Marconi et al., 2013).
Percentage methylation was calculated as number of methylated
bands × 100/total number of bands. Percentage methylation polymor-
phism was calculated using the formula (=number of polymorphic
methylated bands × 100/number of methylated bands).
3. Results
In the present study, three different SbDREB2A overexpressing to-
bacco transgenic lines were selected to study themethylation polymor-
phism. In our previous study, we have analysed three different
transgenic lines S-4, S-15 and S-201 for different morphological and
physiological characteristics towards stress tolerance. Out of these
three lines, S-201 was best performer followed by S-15 and S-4 at
200 mM NaCl (Gupta et al., 2014). The genomic DNA from T1 trans-
genics (S-4, S-15 and S-201), VA and WT plants were used for MSAP
with 20 primers. Among 20 primers, 15 primers (Table 1) showed
consistent and clear proﬁles, a representative ﬁgure of two markers
showing the hemi-methylation and methylation pattern is provided
(Fig. 1). These primers provided a total of 1930 bands in all the lines.
The highest numbers of bands were observed with MSAP-14 (230
bands),while the lowest withMSAP-20 (60 bands). TheMSAP-1 primer
Fig. 1.MSAP ﬁngerprinting of N. tabacum transgenic lines with MSAP primers 10 (a) and 11 (b). Odd number lanes represent DNA digested with EcoRI/MspI and even number lanes with
EcoRI/HpaII. Lane 1 & 2:Wild type; Lane 3 & 4: VA; Lane 5 & 6: S-4; Lane 7 & 8: S-15; Lane 9 & 10: S-201; LaneM: 1 Kb ladder. Black and red arrows represent full methylation (type II) and
hemi-methylation (Type III), respectively. Type I bands do exist in both lanes (E/M and E/H) and are large in number, therefore, not marked. Type IV bandswhich are absent in both lanes
(E/M and E/H) of one line compared to any of other lines are highlighted by green arrow.
79P. More et al. / Plant Gene 6 (2016) 77–81revealed the highest methylation polymorphism (28.42%) and hemi-
methylation polymorphism (20%), while no polymorphism was seen
with MSAP-22 primer. The primer MSAP-14 showed highest number
of fully methylated bands (18.70%), while primer MSAP-22 showed no
full methylation. No hemi-methylation was observed with various
primers sets (MSAP-2, 9, 21, 22 and 27; Table 2).In this study, bandswere classiﬁed in four types as perMarconi et al.
(2013). Type I represents the unmethylation,where bandswere obtain-
ed by the digestionwith both EcoRI/HpaII and EcoRI/MspI restriction en-
zyme combinations. Type II represents full methylation (both two
strands) at internal cytosine (C5mCGG), in this case the bands were ab-
sent in EcoRI/HpaII but present with EcoRI/MspI. Type III belongs to
Table 2
The methylation pattern with 15 selected MSAP primers among the different lines.
MSAP
band
type
MSAP-1 MSAP-2 MSAP-9 MSAP-10 MSAP-11 MSAP-13 MSAP-14 MSAP-16 MSAP-17 MSAP-18 MSAP-19 MSAP-20 MSAP-21 MSAP-22 MSAP-27
I 68 146 116 123 112 112 173 139 62 95 105 50 119 125 76
II 0 8 4 2 0 14 9 0 6 13 5 0 1 0 5
III 19 0 0 4 7 14 14 2 3 6 10 9 0 0 0
IV 8 1 10 6 16 10 34 19 14 6 25 1 0 0 4
TAB 95 155 130 135 135 150 230 160 85 120 145 60 120 125 85
MB 27 9 14 12 23 38 57 21 23 25 40 10 1 0 9
FMB 8 9 14 8 16 24 43 19 20 19 30 1 1 0 9
MSAP
(%)
28.42 5.81 10.77 8.89 17.04 25.33 24.78 13.13 27.06 20.83 27.59 16.67 0.83 0.00 10.59
FM (%) 8.42 5.81 10.77 5.93 11.85 16.00 18.70 11.88 23.53 15.83 20.69 1.67 0.83 0.00 10.59
HM (%) 20 0 0 2.96 5.19 9.33 6.09 1.25 3.53 5.00 6.90 15.00 0.00 0.00 0.00
Type I: Absence ofmethylation due to the presence of bands in both EcoRI/HpaII and EcoRI/MspI digest; Type II: Bands present only in EcoRI/MspI digestion but not in the EcoRI/HpaII digest;
Type III: Bands present in EcoRI/HpaII digest but not in the EcoRI/MspI digest; and Type IV: Absence of band in both enzyme combinations. TAB: Total ampliﬁed bands, MB: Methylated
bands, FMB: Fully methylated bands, FM: Full methylation, HM: Hemi-methylation; the values of TAB = [I + II + III + IV], MB = [II + III + IV], FMB = [II + IV], MSAP% = [(MB/
TAB) × 100], FM% = [(FMB/TAB) × 100], HM%= [III/TAB × 100].
Table 4
The pair wise comparison of methylation and demethylation pattern of VA, S-4, S-15 and
S-201 with WT.
Type of band Banding pattern VA S-4 S-15 S-201
WT Transgenic
MspI HpaII MspI HpaII
A 1 0 1 0 5 5 4 3
B 0 1 0 1 5 3 7 2
C 1 1 1 1 322 311 313 265
D 0 0 0 0 11 9 11 6
Total bands 343 328 335 276
80 P. More et al. / Plant Gene 6 (2016) 77–81hemi-methylated category (only single stranded band methylated) at
external cytosine (5mCCGG), where the bands represented only in
EcoRI/HpaII but not in the EcoRI/MspI enzyme digestion. Type IV
shows absence of bands for both the EcoRI/HpaII and EcoRI/MspI
enzyme combinations, represinting full methylation at both internal
and external cytosine. Among transgenic lines, S-201 showed highest
percentage of methylation (27.20%), whereas, S-15 and S-4 lines
showed 13.99% methylation. The WT and VA showed slightly low
methylation polymorphism (Table 3). Further, the total methylation
polymorphism was classiﬁed in fully methylated and hemi-
methylated category, showing that methylation occurs at both the
strands or at any one strand, respectively. Fully methylated polymor-
phism was found maximum in S-201 followed by S-4, S-15, WT, and
VA. The hemi-methylation polymorphism was also observed highest
in S-201, whereas it was less in other lines (Table 3).
Total bandswere classiﬁed in 16 combinations “A toP″ (Table 4) as per
their banding pattern to analyse the pair wise comparison of bands be-
tween WT and transgenics. The banding pattern was classiﬁed in three
types as no change (A to D), methylation (E–J) and demethylation (K to
P, Table 4). Thepairwise comparisonbetweenWTand transgenic lines re-
vealed that VA, S-4 and S-15 showed almost no change in methylation
pattern. The S-201 showed maximum change in methylation (21.50%)
pattern compared to WT, whereas the demethylation percentage was
found to be almost similar in all the lines in comparison to WT (Table 4).
4. Discussion
DREB is anABA-independent TF,which plays a key role during abiot-
ic stress tolerance in plants by regulating the expression of downstream
stress related genes (Agarwal et al., 2006; Lata and Prasad, 2011). Large
number of studies on DREB2 transgenic lines reported variable level of
expression under the abiotic stresses. It has been postulated that the
presence of PEST [polypeptide sequences enriched in proline (P),Table 3
The methylation pattern observed among different lines.
MSAP band type WT VA S-4 S-15 S-201
I 335 337 332 332 281
II 13 11 27 11 12
III 16 16 9 16 33
IV 22 22 18 27 60
TAB 386 386 386 386 386
MB 51 49 54 54 105
FMB 35 33 45 38 72
MSAP (%) 13.21 12.69 13.99 13.99 27.20
FM (%) 9.07 8.55 11.66 9.84 18.65
HM (%) 4.15 4.15 2.33 4.15 8.55
(The short forms used in this table have same deﬁnition as in Table 2).glutamic acid (E), serine (S) and threonine (T)] sequence in some
DREB2A proteins like AtDREB2A, MtDREB2 and GmDREB2A negatively
regulates its expression. However, the deletion of PEST sequence con-
verts it into an active form imparting enhanced stress tolerance
(Sakuma et al., 2006; Chen et al., 2009a; Mizoi et al., 2013). Some
DREB2 TFs without PEST sequence OsDREB2A, OsDREB2B, PeDREB2,
PgDREB2A and ZmDREB2A (Mallikarjuna et al., 2011; Chen et al.,
2008, 2009b; Agarwal et al., 2010; Qin et al., 2007) showed normal phe-
notype with enhanced tolerance. It has been reported that certain post
translational modiﬁcations, like phosphorylation/dephosphorylation
also regulate its activity. Agarwal et al. (2007) reported that PgDREB2A
is a phosphoprotein and phosphorylated protein did not show binding
with drought responsive elements (DREs), however, binding was re-
stored with dephoshphorylated protein. In addition to transcriptional
activation, alternative splicing of pre-mRNA is also an important mech-
anism that plants use for regulation of DREB2 TFs in Poaceae, although
this alternative splicing mechanism is not found in other plant families.
The HvDRF1, WDREB2, ZmDREB2A and OsDREB2B have alternatively
spliced forms of transcripts (Xue and Loveridge, 2004; Egawa et al.,
2006; Qin et al., 2007; Matsukura et al., 2010). The involvement ofNo change (%) 88.86 84.97 86.79 71.50
E 1 0 1 1 2 16 4 4
F 0 1 1 1 8 3 7 22
G 0 0 1 1 3 5 11 44
H 0 1 1 0 0 0 1 3
I 0 0 1 0 4 4 2 4
J 0 0 0 1 4 0 3 6
Total bands 21 28 28 83
Methylation (%) 0 5.44 7.25 7.25 21.50
K 1 1 1 0 4 4 6 3
L 1 1 0 1 7 8 5 7
M 1 1 0 0 4 9 8 6
N 1 0 0 1 0 5 1 1
O 1 0 0 0 4 1 2 4
P 0 1 0 0 3 3 1 6
Total bands 22 30 23 27
Demethylation (%) 5.70 7.77 5.96 6.99
81P. More et al. / Plant Gene 6 (2016) 77–81methylation on upregulation of different TFs have been reported in
Glycine max, where the DREB TF transcript was found inﬂuenced by
DNA methylation (Song et al., 2012). In our previous study, the S-201
and S-15 showed better stress tolerance than S-4. Other morphological
parameters were also found signiﬁcantly better in S-201. The RT-PCR
study showed that S-201 line had higher expression of heat stress
related downstream genes like HSP 18, HSP 26 and HSP 70 and HSF 2
(Gupta et al., 2014). The S-201 showed highest percentage of full-
methylation as well as hemi-methylation than other lines thereby
showing the involvement ofmethylation in regulating differential stress
response. Therefore, it can be inferred that the overexpression of DREB
transgene alter the methylation status in transgenic plants, which may
be one of the reason for its enhanced stress tolerance.
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